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Method for measuring the delay time of a signal line 

Memory modules, referred to as DIMM (Dual in-line memory 
modules), have a defined physical extent. Owing to the 
5 finite speed of propagation of electrical signal, the 
physical extent of the DIMM thus corresponds to a delay 
time for the electrical signal in order to pass from a 
source to a sink. This phenomenon is generally referred 
to as the "line effect' 1 , that is to say the "electrical 
10 length" of the interconnects is no longer negligible. 

This is the situation when the highest frequency compo- 
nent which occurs in the signal is at a wavelength which 
is of the same order of magnitude as the physical extent 
between the source and the sink. 

15 

The higher the data rate on a DIMM, the higher are the 
frequencies of the frequency components and the shorter 
are the physical extents for which this line effect must 
be taken into account. Present memory developments use 

20 data rates which lead to major time-critical problems as 
a result of the subject under discussion. These present 
memory module developments have the particular character- 
istic feature of a central integrated circuit (IC) which 
is mounted on each DIMM. This integrated circuit (IC) is 

25 a memory buffer and produces the electrical signals for 

communication with the memory modules MMi locally, that is 
to say on the DIMM. 

The Dual in-line memory module (DIMM) comprises a plural - 
3 0 ity of memory modules (MM) which are formed by DRAM- 

memory chips mounted on a DIMM circuit board. The DRAM- 
chips are connected to a memory buffer (HUB) located at 
the center of the DIMM circuit board. The DRAM-memory 
modules MMi are connected to the memory buffer by means of 
3 5 the command and address bus (CA) and point to point by a 
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bi-directional data bus (DQ/DS) . The data bus comprises 
for instance 72 parallel data lines. The memory bus is 
provided for the communication to the micro-controller 
mounted on a motherboard. The memory buffer is connected 
5 to a micro-controller via for instance 12 data lines. The 
memory buffer performs a parallel/serial data conversion 
or serial/parallel data conversion for data to be ex- 
changed between DRAM- chips provided on said DIMM module 
and the motherboard . 

10 

The basic DIMM- structure according to the state of the 
art is shown in figure 1. As can be seen, a number of 
different signals are indicated there, which are either 
of different length (DQ/DQS) or else are received simul- 
15 taneously by a large number of memory modules (MMi) over a 
command and address bus (CA) . 

Read access to the memory modules MMi of a DIMM is not the 
only factor affected by this, but is particularly criti- 
20 cal . Read access is distinguished by a command being 

transmitted via the CA bus (Command and Address Bus) to 
the individual memory modules MMi. This memory modules MMi 
are formed e.g. by DRAM- integrated circuits. As can be 
seen without any difficulty, MM4 and MM 5 are located 

2 5 closer to the data source (HUB) than the modules MM0 and 

MM 8 . It should thus be expected that the read command 
will reach the memory modules MM4 and MM 5 considerably 
earlier than MM0 and MM8 . 

3 0 The timing diagram shown in Figure 2 provides an illus- 

tration in the form of a graph to this relationship for 
the MM4 and MM0 . 

At time tl, the source (HUB), i.e. the memory buffer, 
35 sends the read command via the uni -directional (CA-Bus) 
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to the memory modules MMi . At time t2 , this command 
reaches the memory module MM4 . However, since this com- 
mand is addressed to all the memory modules MMi, a further 
delay time is required before the final memory module MM0 
5 receives the read command at the time t3 . After receiving 
a read command, a dead time passes before the memory mod- 
ules MMi start to transmit the data. Since all the memory 
modules MMi are identical, this dead time is also identi- 
cal for MM0 and MM4 . The dead time T4 at memory module 

10 MM4 ends at time t4 , and the dead time t 0 at the time t6 . 
The memory module MM0 at the distal end of the DIMM waits 
for the longest dead time To to ensure that the all data 
of the remaining memory modules MMi will reach the memory 
buffer in time. At these times t4 , t6 the memory modules 

15 (DRAM) start to transmit the required read data. The re- 
sponse from memory module MM4 reaches the memory buffer 
at the time t5, but the response from the memory module 
MM0 does not reach the receiving memory buffer until the 
time t7. Figure 2 shows particularly clearly that a read 

20 command which is sent at a specific time tl leads to a 

considerable time shift AT in the responses (times t5 and 
t7) . If the data rate DR is sufficiently low, that is to 
say the duration of a single information bit is long in 
comparison to the time difference AT between t5 and t7, 

25 then there is no need to take these effects in account. 

Owing to the ever wider bandwidth required for memory me- 
dia, this limit is, however, now considerably exceeded. 

With increasing data rates DR on the data lines the wave 
3 0 length X of the data signal is diminished. When the wave 
length X reaches the dimension L of a data line dynamic 
effects on the data line have to be taken into account. 
The inductance of the line cause skin effect and the high 
frequency signal is distorted. Consequently dynamic ef- 
35 fects cause dynamic time delay variations. These time de- 
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lay variations have to be compensated to achieve a syn- 
chron interface between the DIMM modules and the mother- 
board . 

5 A method for compensating for different delay times ac- 
cording to the state of the art is to route the intercon- 
nects in a meandering shape on the printed circuit board 
(PCB) . However, this conventional method is quite unsuit- 
able for this application. Firstly, the meanders require 

10 additional space on the DIMM-PCB, and this is very short. 
However, a far more serious disadvantage is the fact that 
the signals do not just have one transmitter and one re- 
ceiver, but that a number of receivers should be ad- 
dressed at the same time. This is completely impossible 

15 using simple methods since each signal would need to ex- 
ist two or more times. A signal x which has to be passed 
from the source to all the memory modules MMi has to exist 
in versions xO to x8 . Each of these nine signals must 
then either have no meander at all (for example xO to 

2 0 MM0) or has a very large number of meanders (for example 
x4 to MM4) . If the meandering interconnect routing re- 
quires additional space, then the additionally required 
multiplication of each signal leads to insoluble routing 
problems. Delay time compensation based on the known me- 

2 5 andering routing is therefore impossible on a DIMM. 

Accordingly it is the object of the present invention to 
provide a method and a memory bus for measuring exactly a 
delay time of a signal line caused by dynamic effects, 

3 0 i.e. when the wave length of the transmitted signal ap- 

proximates the length of the signal line. 



35 



This object is achieved by a method having the features 
of claim 1 and by a memory buffer having the features of 
main claim 13 . 
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The invention provides a method for measuring the delay- 
time of at least one signal line connecting a memory 
buffer with a memory module comprising the following 
5 steps : 



(a) sending a measurement start command from said memory 
buffer to said memory module and simultaneously 
starting an integration circuit provided within said 

10 memory buffer; 

(b) transmitting a measurement pulse via said signal 
line ; 



15 (c) stopping the integration circuit when the measure- 
ment pulse transmitted via the signal line is de- 
tected by a pulse detector provided within said mem- 
ory buffer, 

20 wherein the integrated value of the integration cir- 

cuit indicates the delay time of said signal line. 



In a first embodiment a measurement pulse generator pro- 
vided within said memory module is activated after recep- 
2 5 tion of the measurement start command by said memory mod- 
ule to transmit a measurement pulse via a signal line to 
said memory buffer. 



In a second embodiment a measurement pulse generator pro- 
30 vided within said memory buffer is activated simultane- 
ously with the integration circuit and the measurement 
start command is sent to said memory module to transmit a 
measurement pulse via said signal line to said memory 
module . 
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In this second embodiment the memory module preferably 
retransmits the measurement pulse received via said sig- 
nal line back to the memory buffer when the memory module 
has received the measurement start command. 

5 

In a preferred embodiment the measurement start command 
is sent from said memory buffer to said memory module 

(MM) via a control word of a command and address bus 

(CA) . 

10 

In a preferred embodiment the measurement pulse generator 
is clocked by a clock signal (CLK) having a predetermined 
clock period (T) . 

15 In a preferred embodiment the integration circuit is sup- 
plied with a phase adjusted clock signal (CLK 1 ) to inte- 
grate fractions (Tclk/hi) of the clock period (T CL k) of said 
clock signal (CLK) to the delay time of said signal line. 

2 0 In a preferred embodiment the clock signal (CLK) is gen- 
erated by a clock signal generator. 

In a preferred embodiment the measured delay time of said 
signal line is stored in a signal line delay memory pro- 
25 vided within said memory buffer. 

In a preferred embodiment a delay time compensation unit 
which is provided within said memory buffer is adjusted 
depending on the delay time which is stored in said sig- 
30 nal line delay memory such that all signal lines connect- 
ing said memory buffer to different memory modules com- 
prise an equal standard time delay. 

In a preferred embodiment the signal line is the data 
35 line of a bi-directional data bus. 
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In a preferred embodiment the measurement start command 
is generated by a control logic of said memory buffer. 

5 The invention further provides a memory buffer for a mem- 
ory module board which is connected via signal lines to a 
plurality of memory modules (MM) mounted on said memory 
module board having different signal line lengths, 
wherein the memory buffer comprises 
10 for each signal line a corresponding integration circuit 
for integrating the transmission time of a measurement 
pulse transmitted via said signal line between said mem- 
ory buffer and a memory module connected to said data 
line . 

15 

In a preferred embodiment of the memory buffer according 
to the present invention the memory buffer comprises a 
control logic which sends a measurement start command to 
memory modules via a control line of a command and ad- 
2 0 dress bus (CA) . 

In a preferred embodiment the signal line is a data line 
of a bi-directional data bus. 

2 5 In a preferred embodiment of the memory buffer according 
to the present invention each integration circuit is con- 
nected to the control logic to receive a start signal 
when the measurement start command is sent to the memory 
modules . 

30 

In a preferred embodiment the memory buffer comprises a 
measurement pulse detector which detects a measurement 
pulse received via said signal lines. 
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In a preferred embodiment the integration circuit of the 
signal line is connected to a corresponding measurement 
pulse detector of said signal line to receive a stop sig- 
nal when a measurement pulse is detected by said pulse 
5 detector. 

In a preferred embodiment the memory buffer comprises a 
signal line delay memory for storing the integrated val- 
ues of all integration circuits provided within said mem- 
10 ory buffer as delay times of the corresponding signal 
lines . 

In a preferred embodiment the memory buffer further com- 
prises a delay compensation unit which compensates the 
15 delay times of the signal lines depending on the delay 

times stored in said signal line delay memory to provide 
an equal standard time delay for all signal lines of said 
memory buffer. 

2 0 In a preferred embodiment the integration circuits are 

supplied with a phase adjusted clock signal (CLK 1 ) gener- 
ated by a clock phase generator to integrate fractions of 
a clock period (T CL k) of a clock signal (CLK) generated by 
a clocks signal generator provided within said memory 

25 buffer. 

In a preferred embodiment the memory buffer comprises a 
measurement pulse generator which transmits a measurement 
pulse via the signal lines when the control logic sends a 
30 measurement start command to the memory modules. 

In a preferred embodiment the delay compensation unit is 
connected via signal lines to a micro-controller mounted 
on a motherboard. 
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In a preferred embodiment the memory modules (MM) are 
DRAMs. 

In the following preferred embodiments of the method for 
5 measuring the delay time and the memory buffer according 
to the present invention are described with reference of 
the enclosed figures . 



10 



Figure 1 shows a Dual in-line memory module (DIMM) ac- 
cording to the state of the art; 



15 



Figure 2 shows a timing diagram of a data read operation 
in the conventional Dual in-line memory accord- 
ing to the state of the art as shown in figure 
1; 



Figure 3 shows a first embodiment of the memory buffer 
according to the present invention; 

2 0 Figure 4 shows a second embodiment of the memory buffer 
according to the present invention; 

Figure 5 shows a third embodiment of the memory buffer 
according to the present invention; 



25 



Figure 6 shows a timing diagram of a phase adjusted 

clock signal according to the present inven- 
tion; 



3 0 Figure 



7a, 7b shows the generation of a phase adjusted 
timing signal according to the present inven- 
tion; 
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Figure 8a, 8b shows the operation of the integration 

circuit according to the present invention in 
comparison to a conventional counter; 

5 Figure 9a, 9b shows step responses of an integration 

circuit according to the present invention in 
comparison to a conventional counter; 

Figure 10 shows a timing diagram of a time delay measur- 
10 ing procedure according to the present inven- 

tion; 



Figure 11 shows a timing diagram of a integration circuit 
according to the present invention; 

15 

Figure 12 shows a schematic for illustrating the delay 

time measuring method according to the present 
invention; 



20 Figure 13 shows a flow-chart for delay time measurement 
procedure according to the present invention. 

As can be seen from figure 3 the memory buffer 1 accord- 
ing to the present invention which is mounted on a DIMM 

25 module board is connected to several memory modules 2 

such as DRAMs on the same DIMM board. The memory buffer 1 
comprises a control logic 3 which generates a measurement 
start command to initiate a delay time measurement for a 
data line 10-i. The measurement start command is sent via 

30 a control line 4 of a command and address bus (CA) to the 
memory modules 2. This measurement request is detected by 
a request detector 5 within the memory module 2 which ac- 
tuates via line 6 a measurement pulse generator 7 within 
the memory module 2 . 
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The control logic 3 is further connected via control line 
8 to a switch 9 which connects in a normal operation mode 
the data line 10-i via an internal line 11 to a delay- 
compensation unit 12 of the memory buffer 1. During an 
5 initialization routine the switch 9 is switched by the 
control logic 3 to the input of a measurement pulse de- 
tector 13 to detect a measurement pulse transmitted via 
the data lines 10. The measurement pulse detector 13 is 
provided to detect a pulse generated by the measurement 
10 pulse generator 7 within the memory module 2 of the Dual 
in-line memory (DIMM) . 

The measurement pulse detector 13 as clocked by a clock 
signal CLK via an internal clock line 15 of the memory 

15 buffer 1. The clock signal CLK is generated in a pre- 
ferred embodiment by an internal clock signal generator 
16 of said memory buffer .1. The clock signal CLK is sup- 
plied via a clock line 17 to the measurement pulse gen- 
erator 7 of the memory module 2. The signal line 10 is a 

20 data line of a bi-directional data bus of the DIMM mod- 
ule . 

The clock frequencies of the clock signal CLK generated 
by the clock signal generator 16 provided to measure the 

25 delay time of the signal line 10 correspond to the high 
data rates DR during the normal operation mode of the 
memory buffer 1. The data rates on the DIMM, i.e. on the 
data lines connecting the memory modules 2-i to the mem- 
ory buffer 1 are in the range of 800 Mbit/sec. Because of 

3 0 the high frequencies dynamic effects on the data lines 

10-i have to be considered so that the performed measure- 
ment must be very exact allowing the measurement of time 
fractions of the time period T of the generated clock 
signal CLK. 
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To this purpose the memory buffer 1 according to the pre- 
sent invention comprises in a preferred embodiment for 
each data line 10 -i a corresponding integration circuit 
18-i. The integration circuit 18-i is provided for inte- 
5 grating the transmission time of a measurement pulse 

transmitted via the signal line 10-1 between the memory 
module 2 and the memory buffer 1. A control logic 3 sends 
a start signal via a control line 19-i to the integration 
circuit 18-i when the control logic 3 sends the measure- 

10 ment start command via the control line 4 to the memory 
modules 2 . The start signal received by the integration 
circuit 18-i starts the integration procedure. The memory 
module 2 which receives the measurement request activates 
its measurement pulse generator 7 which transmits the 

15 measurement pulse via the data line 10 -i and the switch 
9-i connected to the input of the measurement pulse de- 
tector 13 -i. The measurement pulse detector 13 -i sends a 
stop signal to the integration circuit 18-i via a control 
line 20 -i when it detects the measurement pulse generated 

20 by the measurement pulse generator 7. The stop signal 
stops the integration procedure within the integration 
circuit 18-i. The integration circuit 18-i integrates 
fractions of the clock period (T CLK ) of the clock signal 
(CLK) generated by said clock signal generator 16 pro- 

25 vided within said memory buffer 1. The integration cir- 
cuit 18-i measures the delay time DTi of the data line 10- 
i which is given by: 

30 

An integrated delay time of data line 10-i is output by 
the integration circuit 18-i via a line 21-i and stored 
in a signal line delay memory 22 of the memory buffer 1. 
The signal delay memory 22 is connected to the delay com- 
35 pensation unit 12 via lines 23. After the measuring pro- 
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cedure has been accomplished the delay time compensation 
unit 12 is adjusted depending on the delay time DTi which 
is stored in the signal line delay memory 22 so that all 
signal lines 10-i connecting the memory buffer 1 to the 
5 different memory modules 2-i have the same standard time 
delay. The delay compensation unit 12 of the memory 
buffer 1 is connected via lines 24 to a microprocessor 25 
on a separate motherboard. The data exchange between the 
delay compensation unit 12 and the microprocessor is per- 

10 formed with a very high data rate of e.g. 4.8 Gbit/sec. 
The delay compensation unit 12 compensates delay time 
variations of the different data lines 10-i caused by dy- 
namic effects. By compensating the delay times the asyn- 
chron physical interface between the microprocessors 25 

15 and the memory module 2-i becomes a synchron interface, 
i.e. from the point of view of the microprocessor 2 5 all 
memory modules 2-i of the DIMM provide data requested by 
the microprocessor 2 5 synchronically . 

2 0 Figure 4 shows a second embodiment of the memory buffer 1 

according to the present invention. In this embodiment 
the measurement pulse generator 7 is provided within the 
memory buffer 1 and not within the respective memory mod- 
ule 2-i. In the second embodiment as shown in figure 4 
25 the measurement pulse generator 7 provided within the 
memory buffer 1 is activated simultaneously within the 
integration circuit 18 -i when the measurement start com- 
mand is sent by said control logic 3 via a control line 4 
to the respective memory module 2-i. The measurement 

3 0 pulse generator 7 is activated to transmit a measurement 

pulse via the signal lines 10-i to the memory module 2-i. 
The control logic 3 transmits in the measurement mode the 
measurement pulse 7 via switch 9 to the signal line 10-i. 
After the pulse generator 7 has transmitted the measure- 
3 5 ment pulse via line 10-ito the memory module 2 switch 9 
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is switched by the control logic 3 to connect the input 
of the measurement pulse detector 13 to the data line 10- 
i. The memory module 2-i retransmits the measurement 
pulse received via signal line 10 -i back to the memory 
5 buffer 1 when the memory module 2 has received the meas- 
urement start command via the control line 4. After the 
measurement pulse detector 13 has received the retrans- 
mitted measurement pulse it stops the integration circuit 
18 via the internal control line 20. 

10 

In the embodiment as shown in figure 4 the integrator 
circuit 18 measures the delay time for a transmission and 
a retransmission of a measurement pulse over the bi- 
directional data line 10-i. Accordingly the integration 
15 circuit 18 stores half the measured time in the signal 
delay memory 22 corresponding to a uni-directional read 
access to the memory module 2-i wherein the data stored 
in the memory module 2 is read via data line 10-i, i.e. 
the data has to be transmitted only in one direction. 

20 

Figure 5 shows a third embodiment of the memory buffer 1 
according to the present invention. The integration cir- 
cuit 18-i provided for the corresponding data line 10-i 
receives a phase adjusted clock signals CLK 1 over an in- 

25 ternal clock line 26 within the memory buffer 1. The 

clock signal generator 16 and the memory buffer 1 gener- 
ates a clock signal as shown in figure 6a. The phase ad- 
justed clock signal CLK' is supplied to the integration 
circuit 18-i as shown in figure 6b. The phase adjusted 

3 0 clock signal CLK' comprises a phase delay (pi for provid- 
ing a finer time grid or time raster. 

The phase adjusted clock signal CLK 1 is generated by 
means of a clock phase generator 2 7 and a multiplexer 2 8 
35 as shown in figure 5 and 7a. The clock phase generator 27 
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receives the clock signal CLK from the clock signal gen- 
erator 16 and outputs N delayed clock signals having a 
phase delay Tclk/hi (m being an integer number) . The de- 
layed clock signals are provided via lines 29- i to the 
5 inputs of the multiplexer 28. The multiplexer 28 is con- 
trolled via control line 30 of the control logic 3 which 
switches one of the phase delayed clock signals CLKcpi 
through to the input of the integration circuit 18 -i . 

10 Figure 8 shows the operation of the integration circuit 
18 - i according to the present invention in comparison to 
a conventional counter. A conventional counter is both 
time discrete and amplitude discrete. In contrast an in- 
tegration circuit as provided within the memory buffer 1 

15 according to the present invention is time discrete but 
provides a continuous amplitude range . 

Figure 9a shows the step response of a conventional 
counter and figure 9b shows the step response of an inte- 

2 0 gration circuit 18 -i as provided in the memory buffer 1 
according to the present invention . Whereas the counter 
approximates in a step function the amplitude A 0 the step 
response of the integrator approximates the amplitude A 0 
with continuous amplitude values sooner than the counter 

25 shown in figure 9a (ATi<AT c ) . The integration circuit 18-i 
provided for each signal 10-i integrates time fractions 
of the clock period T C lk of the clock signal CLK in a very 
fine time grid (T C lk/™) • The measured signal line delay 
(n/m)i • T C lk of the delay line 10-i is memorized in the 

30 signal line delay memory 22. 

In the following the operation of the memory buffer 1 ac- 
cording to the present invention is described with re- 
spect to figures 10 to 12. 

35 
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Once the voltage supply for the DIMM memory has been pro- 
duced, that is to say after the system has been switched 
on, there is sufficient time to carry out an initializa- 
tion routine. Since the described problem results from 
5 the physical configuration, that is to say the extent, of 
the arrangement, the effect which needs to be compensated 
for is a static effect. Furthermore, all the signal 
sources and sinks are located on the same DIMM module, so 
that there is no need to take into account any external 
10 influences. 

The delay time compensation takes place as an iterative 
process, which will now be described in the following 
text and is illustrated in Figures 10 to 12. 

15 

Once all the dynamic circuit parts of the memory buffer 1 
(HUB) and of the memory modules 2-i have stabilized, for 
example PLL, DLL etc., the memory buffer (HUB) sends a 
defined command to the memory modules 2-i. This is done 

20 at the time tl. The electrical signal for this measure- 
ment start command propagates along the DIMM module until 
it reaches the next receiver, in this case 2-2 at the 
time t2 . Since the DIMM is in an initialization routine 
and is not in the normal operating mode, the dead time 

25 (difference between t2 and t3) can be kept very short. 

Furthermore, there is no need to take any further account 
of the dead time since it is identical for all memory 
modules 2-i and only relative delay time differences are 
relevant. The next memory module responds at the time t3 

30 with a unit jump, that is to say it changes the data bus 
bits at all of its outputs from 0 (low) to 1 (high) . This 
signal transition now once again propagates along the 
data lines from the memory module until this signal tran- 
sition is received at the memory buffer at the time t4 . 

35 At the time t5, the initialization command sent at time 
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tl also reaches the memory module which is furthest away 
(in this case memory module 2-4) . At the time t6, this 
then also changes its data bus bits from 0 (low) to 1 
(high) . At the time t7, the memory buffer 1 (HUB) re- 
5 ceives this signal change in the data bits of the trans- 
mitter 2-4 which is the furthest away. 

So far, no significant information has yet been obtained 
about the delay time of the individual data bits. How- 
10 ever, this is achieved if, at the time tl, not only is 
the command sent but also at the same time a type of 
"stopwatch" is started in all the receiving data lines 
DLs of the memory buffer 1. 

This stopwatch is formed according to the present inven- 
tion by a controllable integrator 18 -i. Figure 11 shows 
the essential details of an integrator 18-i provided 
within a memory buffer according to the present inven- 
tion. One important feature of the integrator 18-i is a 
reference value. As soon as the integrator 18-i has ex- 
ceeded this reference value, an indication is produced, 
that is to say an output signal changes its state. How- 
ever, the most important feature of the integrator 18-i 
is that the gradients can be controlled by a binary word. 
The integrator 18-i is started at the time A, and it ex- 
ceeds the reference value at the time B. The time differ- 
ence between A and B depends on the gradient of the inte- 
grator 18-i. The shallower the gradient, the greater is 
the time period before the reference value is exceeded. 
This is illustrated by the times B if B 2 and B 3 . 

In order to understand the principle of operation of the 
measurement method according to the present invention, a 
brief description is given of what the initialization 
35 routine is intended to achieve. A time variable DTi (Delay 
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time) must be determined for each data line 10-i between 
the memory buffer 1 and the connected memory module 2-i, 
in order to compensate for the different delay times for 
further processing. For this purpose, each data line 10-i 
5 of the memory buffer 1 has its own controllable integra- 
tor 18-i as described above, and as illustrated in Figure 
11. As soon as the command is sent to the memory module 
2-i, that is to say at the time tl in Figure 10, each 
data line 10-i starts its own integrator 18-i. As soon as 
10 the associated data bit changes from 0 to 1, the integra- 
tor 18-i is stopped. If the reference value had already 
been exceeded at this stopping time, the data line 18-i 
was slower than assumed and the measurement is repeated. 

15 However, this is now done with a shallower integrator 

gradient. With one integrator gradient, the data signal 
is now received at an earlier time than the integrator 
18-i requires to exceed the reference value. Since the 
gradient of the integrator 18-i is controlled by a binary 

20 word, this binary word at the same time represents a 

measure of the delay time DT on the data line 10-i. This 
process is now repeated until all the data lines 10-i 
have been measured and a specific binary delay time word 
has been determined for all of the data lines 10-i. This 

25 value is now used to additionally delay all the data 

lines such that the data within the memory buffer 1 is 
subject to a standard time delay, and the time consis- 
tency is ensured once again. 

30 Figure 12 shows a outline overview of the delay time 
measurement method according to one embodiment of the 
present invention. The signal source Q in the memory 
buffer on the left sends a command to the command and ad- 
dress bus (CA) to carry out the delay time measurement. 

35 This is indicated only by a sudden signal change. At the 
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same time, this event indicates the start condition for 
all the controllable integrators 18-i in the data line 
circuits of the memory buffer 1. The different delay 
times to the individual sinks Si are represented by the 
5 line elements and are illustrated with delay times ti2/ ^23 
etc. The sinks Si cause the sources Qi in the addressed 
memory modules 2-i to send a measurement pulse. This is 
once again perceived by the data lines 10 -i and indicates 
the stop condition for the integration, and initiates a 
10 check as to whether the integrator 18-i has already ex- 
ceeded the reference value. All the delay times Dti can 
thus be determined by iteration. 

Figure 13 shows the time sequence for the delay time 
15 measurement according to the present invention. Once the 
supply voltage has been applied in step S0 (power up) # 
all the modules 2-i start to carry out their self tests 
in step SI. If these have been successful, the memory 
modules 2-i enter the initialization routine for the de- 
2 0 lay time measurement according to the present invention 

in step S2 . Once the delay time measurement has been car- 
ried out and the associated compensation values have been 
determined, the memory modules 2-i can change to the nor- 
mal operating mode in step S3. In a preferred embodiment 
25 the delay time measurement is not only performed during 

initialization but in cyclical manner every predetermined 
time (step S4) . 

Advantages of the delay time measurement method according 
30 to the present invention are: 

Simple implementation 

Feasibility both with analog and mixed signal meth- 
ods as well as with digital circuit concepts 
35 - Small area and low power requirement 
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No need for high-frequency clock signals for per- 
forming counting 

Capability for single-ended compensation (a deter- 
mined value of the de-skew can be used in inverted 
5 forms as a pre-skew, which considerably simplifies 

the circuit complexity of the memory modules 2-i) . 

It is of importance that the measurement method according 
to the present invention is a flexible method. At the 

10 time when the circuit parts involved are produced only 
the orders of magnitude of the delay time DT to be com- 
pensated for are required. There is no need for detailed 
analysis of the physical design. The delay time measure- 
ment method is sufficiently flexible to be adapted to the 

15 conditions after assembly. It is also a fast and simple 
method which can be carried out during the switch-on 
phase (boot time) without this resulting in any need to 
accept regular reductions in performance. 

20 Since each data line 10-i has its own controllable inte- 
grator 18 -i the concept can be extended to any desired 
number of data lines 10-i. Furthermore, this allows par- 
allel processing, that is to say all the data lines 10-i 
are processed at the same time. There is no need to proc- 

25 ess one data line 10-i after the other. In the case of a 
plurality of data lines 10-i (for example 72 bits on one 
DIMM) , this is the major reason why the method according 
to the present invention can be carried out so quickly. 

3 0 The control logic 3 for the individual integrators 18-i, 
which checks whether the last delay time measurement was 
successful, is in a first embodiment implemented cen- 
trally. This means that the complexity for these circuit 
parts is required only once. However, with present semi- 

3 5 conductor technologies, this represents only a minor ad- 
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vantage. On the other hand, each data line includes in an 
alternative embodiment its own control logic 3-i so that 
it can act completely individually. This may be of inter- 
est for data transmissions in which the data bus width is 
5 intended to be enlarged dynamically in order successively 
to increase the total data throughput, and to match it to 
the requirements. 

Each integrator 18 -i is started at the same time that the 
10 delay time command or measurement start command is trans- 
mitted, so that there is no need for complex detection 
methods to determine the start time. 

The value which represents the delay time DTi has not to 
15 be produced by high-frequency counting pulses but is 

available simply from the gradient of the integrator 18- 
i. The delay time measurement merely determines whether 
the previously assumed value, that is to say the instan- 
taneous gradient, is or is not correct. A step-by-step 
2 0 iteration process is used to approach the value at which 
the delay time measurement is successful. 



t 
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List of reference numbers 

1 memory buffer 

2 memory module 
5 3 control logic 

4 control line 

5 request detector 

6 control line 

7 measurement pulse generator 
10 8 control line 

9 switch 

10 signal line 

11 signal line 

12 delay compensation unit 

15 13 measurement pulse detector 

15 internal clock line 

16 clock signal generator 

17 clock line 

18 integration circuit 
20 19 start control line 

2 0 stop control line 

2 2 signal line delay memory 

2 3 line 

24 line 

25 25 microprocessor 

26 internal clock line 

27 clock phase generator 

28 multiplexer 

29 lines 

30 30 multiplexer control line 



